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Abstract The present study focused on the synthesis of a bismuth-antimony-tellurium-based thermoelectric
nanopowders using plasma arc discharge process. The chemical composition, phase structure, particle size of the
synthesized powders under various synthesis conditions were analyzed using XRF, XRD and SEM. The powders

as synthesized were sintered by the plasma activated sintering. The thermoelectric properties of sintered body
were analyzed by measuring Seebeck coefficient, specific electric resistivity and thermal conductivity. The chem-
ical composition of the synthesized Bi-Sb-Te-based powders approached that of the raw material with an increas-
ing DC current of the arc plasma. The synthesized Bi-Sb-Te-based powder consist of a mixed phase structure of
the Bi,;Sb, ;Te,, Bi,Te, and Sb,Te, phases. This powder has homogeneous mixing state of two different particles
in an average particle size; about 100 nm and about 500 nm. The figure of merit of the sintered body of the syn-
thesized 18.75 wt.%Bi-24.68 wt.%Sb-56.57 wt.%Te nanopowder showed higher value than one of the sintered
body of the mechanically milled 12.64 wt.%Bi-29.47 wt.%Sb-57.89 wt.%Te powder.
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Fig. 1. Schematic diagram of apparatus for producing
nanopowders by the plasma arc discharge process.
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Fig. 2. FE-SEM micrographs of synthesized Bi-Sb-Te-based
powders under DC currents of (a) 100 A, (b) 150 A and (c)
180 A.
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Table 1. EDS analysis of the synthesized Bi-Sb-Te-based
particles based on an average particle size

Chemical composition (wt.%)

Particles
Bi Sb Te
Large particle 22.56 77.44
Small particle 8.08 39.31 52.61
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Fig. 3. Effect of the DC current of arc plasma on the chem-
ical composition of the synthesized Bi-Sh-Te-based pow-
der.
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Fig. 4. X-ray diffraction patterns of the synthesized Bi-Sb-

Te-based powders under various DC currents of arc
plasma.
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Fig. 5. Changes in the vapor pressure of the bismuth, anti-
mony and tellurium versus temperature.
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Fig. 6. Changes in the standard Gibbs energy of formation
reaction of Bi,Te, and Sb,Te, phases versus temperature.
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Sintered bodies

Thermoelectric properties

PAD-1 PAD-2 MM
Seebeck coefficient (WV/K) 223 212 194
Electric resistivity (107 Qm) 4.10 1.63 1.42
Thermal conductivity (W/mK) 1.40 1.37 1.58
Figure of merit (107°/K) 0.87 2.01 1.7
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